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The Fate of the Unexpected Positive Intraoperative Cultures
After Revision Total Knee Arthroplasty
Robert L. Barrack, MD,* Ajay Aggarwal, MD,* R. Stephen J. Burnett, MD,
FRCS(C),* John C. Clohisy, MD,* Elie Ghanem, MD,§ Peter Sharkey, MD,§
and Javad Parvizi, MD, FRCS§
From the *Department of Orthopaedic Surgery, Washington University School of
Medicine, Barnes-Jewish Hospital, St Louis, Missouri; and §Thomas Jefferson University
Medical School, Rothman Institute of Orthopaedics, Philadelphia, Pennsylvania.

Abstract
Of a consecutive series of 692 revision total knees at 3 centers,
intraoperative cultures were unexpectedly found to be positive in 41
cases (5.9%). Of the 41, 29 (71%) cases had a single positive
intraoperative culture and were determined to be a probable false positive
based on absence of any other evidence of infection, of which 5 were
treated with extended course of intravenous antibiotics after hospital
discharge and the remaining 24 received no further treatment. None of
these 24 patients manifested any sign of infection at follow-up, averaging
46 months (range, 24-74 months). Twelve patients were determined to
have probable type 1 periprosthetic infection, 11 of which were treated
with a course of antibiotics. Two of these patients became reinfected
within a year. A single positive intraoperative culture after revision total
knee arthroplasty does not mandate further treatment in the absence of
any other signs of infection.
Key words: revision total knee arthroplasty, knee, TKA, infection,
positive intraoperative culture, aseptic.

The results of intraoperative cultures have traditionally been considered
as the gold standard in the diagnosis of periprosthetic infection [1,2]
Gollwitzer et al [3] however stated that “The real accuracy of
intraoperative culture and permanent histology cannot be determined due
to the missing gold standard.” The reported incidence of false-positive
cultures in revision total joint arthroplasty has been extremely variable,
ranging from 3% to 52% and averaging more than 20% in the recent
literature (Table 1). The relative inaccuracy of these results lead one
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author to coin the term tarnished gold standard in referring to the role of
intraoperative cultures in establishing the diagnosis of periprosthetic
infection [14]. Limited data are currently available on the clinical outcome
of cases in which intraoperative cultures are unexpectedly positive after a
total knee arthroplasty (TKA) revision has been undertaken. One
possibility in this scenario is that the preoperative tests represented falsenegative results and the intraoperative culture is a true positive. This
would represent a type 1 periprosthetic infection as described by Segawa
et al [15], Tsukayama et al [16], and Leone and Hanssen [17]. In these
cases, a course of 4 to 6 weeks of antibiotics is generally recommended
with a high success rate generally reported [15,16,18]. Type 1 infections
are relatively rare, constituting only 5 (6%) of 81 infections in the original
series reported by Segawa et al [15] and 16 (3%) of 509 periprosthetic
infections at the Mayo Clinic over a 4-year period as reported by Marculescu et al
[18] (Table 2) Much more commonly, based on previous reports, is that the
intraoperative culture result represents a false positive (Table 1). We report the
outcome of a consecutive series of unexpected positive intraoperative cultures in
revision TKA surgery from 3 centers, both those determined to be probable true
positives (type 1 periprosthetic infections) as well as those determined to
be probable false positives.

Materials and Methods
All revision TKA cases performed on the total joint services of 1 of 3
university-affiliated referral hospitals were reviewed. A database was
maintained at each center that prospectively tracked all revision patients.
Charts were reviewed to obtain complete details on preoperative testing,
intraoperative findings, and postoperative clinical follow-up. The data that
were obtained routinely included erythrocyte sedimentation rate (ESR), in
most cases a C-reactive protein (CRP), and white blood cell count.
Preoperative aspiration was performed routinely at 1 center and
selectively at the other 2 centers. When successful aspiration was
performed, results of aerobic and anaerobic cultures were recorded both
from solid media and enhanced liquid media (broth). In cases where
cultures were positive on enhanced culture media (“broth only”), this was
noted. Cultures for fungus and acid-fast bacteria were not included in this
analysis. When sufficient fluid was obtained, a differential cell count was
performed. The number of nucleated cells was recorded as well as the
percentage of polymorphonuclear cells (PMNs). A culture of joint fluid was
obtained in every case in addition to at least 1 culture of tissue from
behind the implants in all but 3 cases. Cultures from the canals were not
routinely obtained. Intraoperative culture results were documented. The
organism that was identified and whether growth occurred on solid media
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or broth only were recorded. The length of clinical follow-up was also
recorded in months and whether or not any sign of infection or surgical
treatment manifested during clinical follow-up was noted. The method of
treatment of the positive intraoperative culture was also documented.
Cases were retrospectively classified as type 1 infections based on the
following criteria: presence of the same organism on 2 cultures as
described by Segawa et al [15] and Leone and Hanssen [17], or growth
on solid media of an organism in conjunction with other objective
evidence of infection such as presence of an elevated sedimentation rate
and/or CRP in the absence of inflammatory disease or presence of a joint
aspirate that was suspicious for infection (cell count >2500 and/or
percentage of PMNs >70%). A variable number of cultures were obtained,
most commonly 2 or 3 (mean, 2.5; range, 1-8). Intraoperative culture
results were classified as probable false positives if there were less than 2
positive cultures or if a single positive culture occurred in the absence of
other objective signs of infection as described above.

Results
Eight-hundred eighty-nine consecutive revision TKAs were performed
during a 6-year period. One hundred ninety-seven were classified as
infected based on the criteria defined by Leone and Hanssen [17]
including growth of the same organism in 2 or more cultures of
specimens obtained by aspiration or deep tissue specimens at surgery,
finding of acute inflammation histologically, gross purulence at the time of
surgery, and/or an actively draining sinus. These cases were treated with
a component removal and insertion of an antibiotic spacer with
subsequent reimplantation or knee fusion. Six-hundred ninety-two cases
were classified as not infected based on clinical and laboratory criteria
and were treated with revision TKA. In 41 (5.9%) of 692 cases, a
postoperative culture result was subsequently discovered to be positive
after revision TKA. In 29 cases, there was a single positive culture with no
other evidence of infection and these were therefore classified as
probable false-positive results (Table 3). Twenty-four (83%) of these
cases were managed with no treatment other than prophylactic
antibiotics, which were discontinued before hospital discharge. Clinical
follow-up averaged 45 months (24-74 months). Five were treated with a
4-to 6-week course of antibiotics usually based primarily on
recommendations of infectious disease consultants. No patient in this
group manifested signs of infection or had any further surgical
procedures.
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The remaining 12 showed some sign of infection based on preoperative or
intraoperative findings including 2 positive cultures of the same organism
(8) and/or a single positive culture on solid media and an abnormal ESR
(≥30), CRP (≥5), or preoperative aspirate (Table 4). All but 1 of these
cases were treated with a 4-to 6-week course of antibiotics. There were 2
early recurrent infections (within 12 months) in this group, both of which
had received a 6-week course of antibiotics and both were treated with 2stage exchange. One patient in this group underwent revision for aseptic
loosening at 72 months, at which point all intraoperative cultures were
negative and there were no signs of infection perioperatively or at the
follow-up of that single case.

Discussion
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Although intraoperative cultures have been referred to as the gold
standard for establishing the presence of periprosthetic infection, the
exact method of obtaining and interpreting these culture results is not
agreed upon. Segawa et al originally described the establishment of
infection after revision TKA based on the subsequent finding of a positive
intraoperative culture. This was subsequently termed a type 1 deep
periprosthetic infection with the other types being early postoperative
infection (type 2), acute hematogenous infection (type 3), and late
chronic infection (type 4) [15,17]. They required, however, the presence
of 2 or more positive cultures and specifically did not consider a single
positive culture as adequate evidence of infection and disregarded
cultures that were positive in broth only [15]. They successfully treated 5
of 5 type 1 infections with 6 weeks of antibiotics and their reported
incidence of type 1 infections was relatively low (5/81, 6%). Marculescu
et al reported on 16 (3%) type 1 infections of a total of 509 infected total
hips and total knees with successful treatment with antibiotics alone in 15
of 16, although 2 patients did not receive postoperative antibiotics aside
from routine prophylaxis [18]. In a follow-up study of Segawa et al [15],
Tsukayama et al [16] reported on a higher number and percentage of
infected total hip cases diagnosed based on intraoperative cultures
subsequent to revision (31/275, 11%) with successful treatment of 28
(90%) of 31 with antibiotics alone. It should be noted, however, that in
only 1 of 25 cases in which histology was performed was evidence of
acute inflammation demonstrated. Some of these cases could well have
been false-positive intraoperative cultures in spite of the presence of 2
positive culture results. Kamme and Lindberg [12] , in fact, defined the
presence of 1 or 2 positive cultures out of 5 as representative of probable
contaminants and suggested 3 positive cultures out of 5 as the threshold
for defining infection. In a large consortium study, Atkins et al agreed
with 3 of 5 positive intraoperative cultures as the recommended threshold
for defining infection and reported that when only 2 of 5 cultures were
positive, infection was present in only 25% of cases. Even these criteria
were not foolproof, however. When 5 cultures were obtained, there was a
1% chance that all 5 would be negative in an infected case and an 8%
chance that only 1 of the 5 cultures would be positive in an infected case
[19]. The report by Atkins et al [19] included both hip and knee revisions,
whereas that of Kamme and Lindberg [12] included only hip revisions.
Mikkelsen et al [20] applied the Kamme and Lindberg [12] criteria (≥3of
5 positive intraoperative cultures) to a series of 120 total knee revisions,
of which 26 were classified as infected, 58 as aseptically loose, and 36
with mechanical problems based on data available before revision [20].
When the mechanical problem group was excluded, the sensitivity,
specificity, positive predictive value, and negative predictive values were
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46%, 100%, 100%, and 81%, respectively. The relatively low sensitivity
and negative predictive values were noted as signifying the need for new
diagnostic methods. This supports the concept of considering objective
measures other than culture results, as was done in this study.
In addition to the criteria discussed above, numerous other definitions of
infection based on intraoperative culture results have been suggested
including growth on 1 solid media culture, 2 liquid media cultures, 1
aspirate culture plus 1 intraoperative culture, or 4 of 5, 5 of 5, or 5 of 6
intraoperative cultures [6,12,17,21-24]. Clearly, there is no consensus for
the establishment of the presence of total knee infection based on
intraoperative culture results alone. The strong trend in the literature is to
recommend obtaining multiple intraoperative samples, generally 4 to 6.
In the current study, only 2 or 3 cultures were obtained in most cases.
This was a select group of patients though in that none was thought to be
infected at the time of surgery as evidenced by the fact that a revision
procedure was performed. Single-stage exchanges were not performed at
any of the 3 centers during the course of this study, so if infection was
suspected based on preoperative or intraoperative findings, component
resection would have been performed. Atkins et al [19] noted the
tendency to submit fewer cultures when wounds appeared benign and
less likely to be infected in the surgeon's view. They, in fact, noted that
when more cultures were submitted, infection was more likely to be
present. This is reflected in this study because an average of 2.5 cultures
were submitted in cases classified as probably not infected compared with
3.8 cultures in those classified as probable type 1 infections.
In spite of the general trend toward obtaining numerous intraoperative
cultures, it is still common practice to obtain a lesser number of cultures
or even a single culture during routine revision cases especially when the
index of suspicion is low based on intraoperative appearance and
preoperative testing as in most cases in the present series. The
interpretation of 3 or fewer intraoperative cultures can be fraught with
difficulty. In the present study, most of these results were classified as
probable false positives based on the absence of other evidence of
infection and growth on broth only or growth on solid media classified as
rare (<10 colonies in a single quadrant) usually of a low virulence
organism. Growth of at least 5 colonies on solid media has been
suggested as a threshold for considering a culture a true positive [25]. It
cannot be determined how many cases in the present study had fewer
than 5 colonies on their solid media cultures as these data are not
routinely maintained long term on the databases of the laboratories in
this study.
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Of 41, 29 (71%) of positive cultures were classified as false positives
using these arbitrary criteria. This would represent an overall 4.2%
(29/692) incidence of false-positive cultures, which is actually lower than
previously reported (Table 1). Although most reports have focused on
revision hip rather than revision knee and false positives seem to be more
common after hip revision than after knee revision. Of 29 cases, 24 were
not treated with antibiotics after hospital discharge, whereas 5 were
treated based on recommendation of consultants and/or preference of the
surgeon. None of these cases manifested signs of infection at follow-up
averaging 45 months (range, 24-74 months). These results indicate that
not all positive intraoperative cultures require treatment. Certainly, a 4-to
6-week course of antibiotics, either intravenous or oral, entails a degree
of risk and cost that would not be justified on a routine basis based on
these results.
Twelve cases in this series were retrospectively classified as type 1
infections based on growth on solid media and other evidence of infection
such as elevated ESR or elevated cell count or percentage of PMNs in the
joint aspirate. This represented 6.1% (12/197) of infected total knees
during this period, similar to previous reports of type 1 periprosthetic
infections (Table 2). All but 1 of these cases were treated with a course of
postoperative antibiotics. Of the 12 cases, 2 developed early
postoperative infections within the first 12 months after revision, leading
to resection arthroplasty. Both had been treated with a course of
intravenous antibiotics after hospital discharge. One of the two, however,
demonstrated a different organism than the intraoperative culture so this
could represent a de novo infection rather than a treatment failure. The
success rate (10/12) is similar to previous reports [15,16,18], but with
the low numbers available, the results are difficult to interpret.
Compromised hosts, virulent organisms, or both could explain failure of
antibiotics alone to eradicate an occult infection discovered
postoperatively.
One strength of this study is the size of the sample. By combining data
from 3 referral centers, we were able to obtain data on almost 700
revision knees, which is one of the largest series in the literature.
Because the incidence of unexpected false-positive cultures is relatively
low, it is necessary to have a very large sample size to be able to make
any comment on the fate of the unexpected false-positive cultures, which
was the object of this study. A weakness of this study, however, is that
the protocol for culturing knees was not agreed upon prospectively. There
was lack of standardized technique of culture such as a number of
cultures to obtain and the exact sites from which to obtain cultures, which
weakens the data to some degree.
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Conclusion
The results of the present study indicate that intraoperative cultures do
have limitations, consistent with many previous studies. This points to the
importance of considering additional data in arriving at a diagnosis. We
would therefore recommend routinely obtaining an ESR, CRP, and
preoperative aspiration for culture, cell count, and differential cell count.
If the preoperative ESR, CRP, aspiration cell count, or differential cell
count is abnormal or intraoperative tissue appearance is suggestive of
possible infection, multiple cultures (five or more) as well as frozen
section and permanent histology are advisable. The results of the present
study, however, indicate that treatment of a single positive intraoperative
is not necessary in the absence of any other evidence of infection.
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TABLES & FIGURES
Table 1. Incidence of False-Positive Intraoperative Cultures for Periprosthetic
Infection
________________________________________________________________________________
Author (Reference)

False Positive/Total

Study Group

___________________________________________________________________
Fehring and McAlister [4]
Lonner et al [5]
knee
Athanasou et al [6]
knee
Padgett et al [7]
Barrack and Harris [8]
Lachlewicz et al [9]
Duff et al [10]
Mirra et al [11]
knee
Kamme and Lindberg [12]
Kamme and Lindberg [12]
Bucholz et al [13]
Spangehl et al [1]

5/86 (6%)
7/19 (37%)

Revision hip
Revision hip and

3/84 (4%)

Revision hip and

43/142 (30%)
54/260 (21%)
2/21 (10%)
1/19 (6%)
5/27 (19%)

Revision hip
Revision hip
Revision hip
Revision knee
Revision hip and

10/31 (32%)
13/25 (52%)
80/667 (12%)
6/180 (3%)

Primary hip
Revision hip
Revision hip
Revision hip

Total

229/960 (24%)

_________________________________________________________________
Patients on antibiotics excluded.

Table 2. Results of Treating Type 1 Periprosthetic Infections With Antibiotics
Alone
Author
(Reference)

Success
Rate

Segawa

5/5 (100%)

et al [15]
Tsukayama

28/31 (90%)

et al [16]
Marculescu

15/16 (94%)

et al [18]
Total

48/52 (92%)

Percentage of
Infections
That Were Type 1
5/81 (6%) infected
TKA
31/275 (11%)
infected
THA cases
16/509 (3%)
infected THA
and TKA
52/865 (6%)

Of 16, 14 treated with antibiotics.
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Table 3. Summary of False-Positive Intraoperative Culture Cases

1
2

7
10

8.1
8.1

1940
3

Preoperative
Asp
% PMNs
Neutrophils
25
6

3

5

7.2

29

2

4
5
6
7
8
9
10
11
12
13
14
15

10
5
10
16
21
24
8
13
19
12
3
22

6.8
8.1
7.1
8.8
6.4
5.7
5.7
12.2
7.6
4.2
4.2
10.1

200
2
30
710
427
200
765
360
140
NA
NA
NSF

31
5
0
40
15
29
24
10
NA
NA
NA
NSF

16
17
18
19
20
21
22
23
24
25
26
27
28
29

8
26
63
64
10
5
8
18
1
12
22
5
14
24

5.6
5.2
6.8
8.5
9.9
9.3
6.9
6.9
6.6
7.3
4.3
6.2
5.8
5.8

NSF
NSF
NSF
75
NA
NA
NA
NA
NA
NA
NA
1200
420
300

NSF
NSF
NSF
11
NA
NA
NA
NA
NA
NA
NA
24
18
12

Case

Preop
ESR

Preoperative
CRP

0.2
0.3
0.9
1.2
2.2
0.8
4.0
1.1
0.4
2.2
0.1
0.7
5.2
5.4
0.3
0.5
0.5
0.5
1.2
0.8
1.8

Preoperative
WBC count

Preoperative
Asp Nuc.
Cells

Intraoperative
Culture Organism

Broth
Only

No. of
Cultures

Length of
Follow-Up
(mo)

Antibiotic
Treatment

Enterococcus
Staphylococcus
epidermidis
Staphylococcus
aureus
Corynebacterium
Diptheroids
Streptococcus
S epidermidis
S aureus
S epidermidis
S aureus
S epidermidis
S epidermidis
S epidermidis
Streptococcus
Streptococcus
viridans
S epidermidis
S epidermidis
S aureus
S epidermidis
S epidermidis
S epidermidis
S epidermidis
Enterococcus
S epidermidis
Enterococcus
S epidermidis
Diptheroids
Corynebacterium
Proprionobacter

Yes
Yes

3
3

72
66

No
No

Yes

2

64

No

No
No
No
No
No
No
No
No
Yes
Yes
Yes
No

2
3
3
2
2
3
2
2
2
3
2
5

54
58
60
44
28
32
36
64
30
42
36
66

No
No
No
No
Yes
No
Yes
No
No
No
No
Yes

No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
No
Yes

4
3
2
6
2
1
4
2
1
2
1
2
2
2

24
24
26
24
68
56
40
35
34
28
24
66
74
58

No
No
No
No
No
No
No
No
No
Yes
No
No
No
Yes
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acnes
Average

20.2

1.7

7.1

706

24

2.5

45

WBC indicates white blood cell; Asp Nuc. cells, number of nucleated cells on preoperative aspiration; Asp % PMNs, preoperative aspiration
percentage of PMNs; NSF, not sufficient fluid (culture-negative, inadequate volume for cell count/differential); NA, aspiration not performed.

Table 4. Summary of Type 1 Periprosthetic Infection Cases
Preoperative
ESR

Preoperative
CRP

Preoperative
WBC count

1
2
3
4

31
53
12
1

8.2
0.9
4.5

7.8
8.6
6.9
6.9

Preoperative
Asp Nuc.
Cells
NSF
1500
NSF
100

5
6
7
8
9
10

25
78
69
28
84
10

0.7
0.7
1.2
2.4
0.5

7
8.4
6.1
8.1
10.7
8.7

NA
NA
NA
4600
NSF
NSF

11
12

42
24

2.2
1.9

6.9
7.6

NSF
NSF

38.1

2.3

7.8

2067

Average

Preoperative
Asp %
PMNs
82
14

82

Intraoperative
Culture
Organism
Enterococcus
S aureus
S epidermidis
S epidermidis
and
Enterococcus
Enterococcus
S epidermidis
MRSE
S epidermidis
Enterococcus
S epidermidis
S epidermidis
S epidermidis
and
Streptococcus

59

Length of
Follow-Up
(mo)
44
24
24

Broth
Only

No. of
Cultures

No
No
No
No

6
8
5
4

No
No
No
No
Yes
No

2
3
2
3
4
4

40
24

Yes
Yes

3
2

75
54

3.8

61.7

Complication

Reinfected

Reinfected
72
75
72

__________________________
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